In this paper, we present an analysis of floating body effects in lateral asymmetric channel (LAC) and conventional homogeneously doped channel (uniform) SO1 MOSFETs using a novel Gate-Induced-Drain-Leakage (GIDL) current technique. The parasitic bipolar current gain p has been experimentally measured for LAC and uniform SO1 MOSFETs using the GIDL current technique. The lower parasitic bipolar current gain observed in LAC SO1 MOSFETs is explained with the help of 2-D device simulations.
Introduction
An SO1 MOSFET with thin Si film offers several advantages over bulk devices, which include reduced short-channel effects, low voltage operation and increased current drive. One of the challenges of SO1 CMOS technology is understanding and controlling the floating body effects. These effects are the counteraction of the perfect isolation properties in a SO1 MOSFET and are caused by the majority carriers that are generated by the high drain field and get accumulated in the body. If the minority carrier lifetime is high in the silicon film, the parasitic bipolar junction transistor [l] present in the NPN structure of the MOSFET amplifies the hole current generated by impact-ionization near the drain. This further increases the net drain current and is known to cause second kink in the drain current. The lateral parasitic bipolar transistor gain p has a major impact on the breakdown voltage of SO1 devices and is also responsible for hysteresis and latch-up in severe cases. LAC SO1 devices tend to offset these harmful effects by reducing the drain field and thus impact ionization. In addition to that, LAC devices also prevent short channel effects like roll-off, DIBL and reliability issues like hot carrier effects. LAC SO1 MOSFETs therefore promise many advantages over homogeneously doped SO1 MOSFETs [2] - [4] . It is thus necessary to examine how the floating body effects differ in LAC SO1 from uniform SO1 MOSFETs. In order to measure the lateral bipolar transistor current gain p of LAC SO1 MOSFETs, Gate Induced Drain Leakage (GIDL) mechanism has been used.
GIDL
In an n-MOSFET when the gate potential is very low or negative, in which case the front channel is off or in accumulation and a high drain potential is applied, tunneling current flows from drain to substrate. Since this is a form of undesired leakage current caused at low gate voltages it is called Gate Induced Leakage Current (GIDL) [5] . The GIDL current due to Band-to-Band tunneling follows the: relationship given by [6] :
where A is a constant and B equals about 21.3 MVIcm. E, can be expressed as (2) where V D~ = (VD-V~). VsUw is the surface potential of the depleted region at the onset of B-B tunneling and is equal to 1.2 Volts.
Due to the vertical field present in the overlap region, these electrons and holes are collected by the drain and substrate, respectively. As the gate voltage is made more negative or the drain potential is increased, the vertical field increases leading to an increase in GIDL leakage current. Reduction in current was obtained for LDD devices under GIDL bias. This is due to reduction in the electric field in the gate-drain overlap region. GIDL was used earlier to characterise interface traps and later on to measure oxide charge trapping using GIDL transients [7] . 
GIDL in SO1 MOSFET
The origin of GIDL remains identical even in the case of SO1 MOSFETs [SI as in the case of bulk MOSFETs. The front channel in the device is kept in off state or in accumulation. Fig. 3 shows the schematic diagram of current flow in an SO1 n-channel MOSFET in GIDL mode with the front channel tumed off. The high electric field in the gatedrain overlap region causes electron tunneling fiom valence band to conduction band. The electrons, as in the case of bulk device, move out from the drain. However, the holes, unlike in bulk device, cannot flow out to the substrate due to the buried oxide present. As a result, the holes flow to the floating body and forward bias the source-body junction. This junction is the emitter-base junction of the parasitic BJT. The GIDL current, thus, serves as the base current for the lateral bipolar transistor as shown in Fig. 3 . This GIDL which is independent of the channel length, is amplified by the gain of the lateral BJT. The resultant current at the drain is thus given as:
where p is the gain of the lateral BJT device. By finding the ratio of drain currents of a short channel device and long channel device under GIDL bias, the value of p can be obtained. This is a very good method since it does not require a body contact.
Results Obtained for Bulk MOSFET
The GIDL behaviour was first studied for Bulk MOSFETs. Devices used in the experiments had channel lengths of 10 pm, 5 pm, 1 pm and 0.25 pm. A GIDL bias of -1.0 Volt was applied and drain voltage was swept from 0 to 3volts. The GIDL currents measured for different channel lengths are shown in fig. 4 . The GIDL current was more or less constant with respect to the channel length. This indicates the validity of the statement that GIDL remains constant with varying channel lengths. This can be explained by the fact that Band-to-Band tunneling depends on VDc and hence is independent of channel length. Also, since the holes flow into the substrate, there is no parasitic bipolar action in bulk MOSFET. Thus, it is correct to assume that GIDL current remains constant with respect to channel length. Fig 5 shows fig. 6 . As the channel length decreases, the offstate leakage current increases. For devices of lengths 10 pm and 5 pm, currents are low due to an absence of lateral BJT gain p. As the channel length decreases, the base width of the lateral parasitic bipolar transistor also decreases. Hence, the GIDL current is amplified and is higher than that for long-channel devices. This can be seen for devices of lengths 1 pm and 0.25 pm in which currents are high due to the presence of amplification factor. Comparing the devices of lengths 10 pm and 0.25 pm, we see that for low VD, the currents are equal. This is because p is very small at very low collector current levels. The current gain p increases with increasing collector current level. The value of p is obtained using equation (3), assuming that IGrDL is constant with respect to channel length. This was proved in the earlier section using the GIDL currents present in bulk MOSFETs.
Effect of variation of VG on GIDL
For VD = 2.7.5 Volts, the value of p is 28.75 for L = 0.25 pm device and for L= 1 pm device, p is 1.52. Thus, the value of p increases with decrease in channel length and the resultant enhancement of off-state gate-induced-drain-leakage current becomes significant for short-channel SO1 MOSFETs. This can be attributed to lower electric field in the gate-drain overlap region as compared to Uniform SO1 MOSFET. Fig.  9 shows the electric field variation along the channel for uniform and LAC SO1 MOSFETs. The peak transverse electric field for LAC SO1 MOSFET is lower, indicating a wider drain depletion region (due to the lower doping near the drain side of the channel). This results in reduced Bandto-Band tunnelling and thus lower hole production. Since p is a function of current and the current levels are lower in LAC SOI, the value of p in LAC SO1 is less compared to uniform SOL At high drain voltages, where impact ionization comes into play, the asymmetric doping profile offers lower field near drain in the case of LAC which thus leads to suppression of floating body effects in LAC SOI. 
Conclusions
The enhancement of off-state gate-induced drain leakage current is significant for short-channel SO1 MOSFETs. The parasitic bipolar current gain values for uniform and LAC SO1 MOSFETs have been experimentally evaluated using GIDL current technique. LAC SO1 MOSFETs have been shown to give rise to reduced floating body effects as a result of lower channel doping near the drain region. The extracted parasitic bipolar gain values are an order of magnitude lower for the LAC SO1 MOSFETs.
